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ABSTRACT 

The Western Area Power Admini s t r a t i o n  (Western), U. S. Department o f  Energy, 
i s  a  Federal  agency which t r a n s m i t s  and markets e l e c t r i c  energy p r i m a r i l y  
generated a t  h y d r o - e l e c t r i c  dams. The t ransmiss ion  system i n  t h e  western 
Un i t ed  S ta tes  was exper ienc ing  many hard- to-expl  a i  n  outages i n  t h e  e a r l y  
1980s. It became apparent t h a t  b e t t e r  post-outage a n a l y s i s  cou ld  be performed 
i f  t h e  geog raph i ca l l y  d ispersed  genera t ion  and l o a d  cen te rs  had t h e i r  
d is tu rbance  reco rd ing  systems on t h e  same t ime  base. The des ign c r i t e r i a  was 
se lec ted  t o  be 1 m i l l i s e c o n d  synch ron i za t i on  t o  UTC. One m i l l i s e c o n d  was t h e  
(1982) r e s o l  u t i  on o f  e l e c t r i c  s u b s t a t i o n  sequent i  a1 events  recorders  and 1  i g h t  
beam osc i l l og raphs .  Wi th  a  common t ime  base, a n a l y s i s  would answer t h e  
ques t ions  o f  what happened f i r s t  and i n  what  order .  Western had p r i m a r i l y  
used t h e  t ime  se rv i ces  d e l i v e r e d  by WWVB, GOES, and power system microwave 
systems. Th i s  paper d iscusses t h e  system t i m i n g  work t h a t  has occurred w i t h i n  
Western t o  date.  

I n  t h e  n e x t  sec t ion ,  severa l  a p p l i c a t i o n s  o f  t ime  accurac ies  g r e a t e r  than  
1 m i l l i s e c o n d  a re  presented. Several  au thors  b e l i e v e  t h a t  a 1 microsecond 
t ime  base w i l l  pe rm i t  improved wide area power system p r o t e c t i o n  and c o n t r o l .  
An abbrev ia ted  b i b l i o g r a p h y  i s  inc luded.  
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SECTION ONE 
PURPOSE AND OUTLINE 

To improve t h e  r e l i a b i l i t y  o f  e l e c t r i c  se rv ice ,  most u t i l i t i e s  use equipment 
t h a t  con t i nuous l y  mon i to rs  va r i ous  q u a n t i t i e s .  The t ype  o f  equipment used 
v a r i e s  f rom l i gh t  beam osc i l l og raphs ,  da ta  l o g g i n g  cont inuous magnet ic tape 
d r i v e s ,  sequent ia l  events  recorders  (SERs) , and more r e c e n t l y ,  d i g i t a l  
d i s t u r b a n c e - t r a n s i e n t  recorders.  I n  a d d i t i o n ,  most power systems c o n t r o l  t h e  
opening and c l o s i n g  o f  power c i r c u i t  breakers f rom a c e n t r a l  c o n t r o l  ( o r  
d i spa t ch )  c e n t e r  u s i n g  a Superv isory  Cont ro l  and Data A c q u i s i t i o n  (SCADA) 
system. T y p i c a l l y ,  t h e  SCADA system p r i n t s  power system events,  such 
as t h e  opening of a  power c i r c u i t  breaker ,  w i t h  a  t ime t a g  accura te  f rom 2 
seconds t o  10 m i l  1  iseconds. The t ime  accuracy depends p r i m a r i l y  on t h e  s i z e  
and age o f  t h e  SCADA system. 

I f  l i g h t n i n g  s t r i k e s  a t ransmiss ion  l i n e ,  o r  if some p iece  o f  equipment 
misoperates, a l l  t h e  above systems r e c o r d  a v a s t  amount of in fo rmat ion .  To 
make ma t te r s  more i n t e r e s t i n g ,  these systems may be geog raph i ca l l y  separated 
by hundreds o f  m i l e s  and be i n  d i f f e r e n t  s t a tes .  Th i s  i n fo rma t i on  i s  much 
more u s e f u l  i f  t h e  t i m i n g  dev ice  on each reco rde r  i s  t ime  synchronized. 

What was d iscussed above p r i m a r i l y  r e l a t e s  t o  one u t i l i t y .  The need f o r  
synch ron i za t i on  becomes more c r i t i c a l  when we r e a l i z e  t h a t  t h e r e  a re  severa l  
hundred u t i l i t i e s ,  coopera t i ves ,  and Federal agencies i n v o l v e d  i n  t h e  
genera t ion  and d e l i v e r y  o f  e l e c t r i c  energy. T y p i c a l l y ,  d is tu rbances  do n o t  
occur  on one u t i l i t y ' s  power system, b u t  may i n v o l v e  two o r  more d i f f e r e n t  
e n t i t i e s .  Th i s  has meant t h a t  most u t i l i t i e s  who have synchronized t h e i r  
r eco rd ing  equi  prnent have synchronized t o  Un iversa l  Time Coord inated (UTC) . 
S p e c i f i c a l l y  i n  t h e  western U n i t e d  S ta tes ,  we have many problems due t o  t h e  
l a r g e  d is tances  between energy genera t ion  and consumers. The ope ra t i ng  group 
i n  t h i s  area i s  c a l l e d  t h e  Western System's Coord ina t ing  Counci l  (WSCC). 
Several  t imes i n  r ecen t  years  t h e  WSCC has f a l l e n  apa r t ,  most o f  t h e  t ime  
p u t t i n g  southern C a l i f o r n i a  " i n  t h e  dark." A f t e r  these major d is tu rbances ,  a  
committee i s  formed o f  s e n i o r  engineers and o f f i c i a l s  f rom a l l  u t i l i t i e s  
i nvo l ved .  U n t i l  r e c e n t l y ,  everyone would b r i n g  t h e i r  own records,  a l l  us ing  
d i f f e r e n t  c locks .  The problem o f  comparing records  was ve ry  d i f f i c u l t .  I t  
was ve ry  hard  t o  answer t h e  quest ion,  "What happened and i n  what o rde r? "  
Persona l l y ,  I can remember go ing t o  meet ings a f t e r  problems i n  t h e  
Colorado-Wyoming-Montrose area and t r y i n g  t o  make sense o u t  of a l l  t h e  
reco rd ings  which covered many t ab les .  

H i s t o r i c a l l y ,  u t i l i t i e s  have used a t ime  base accura te  t o  10 m i l l i seconds .  
Th i s  was used t o  measure t h e  l o c a l  power system frequency w i t h  respec t  t o  a 
s tandard and t o  i n t e g r a t e  t h i s  f requency ove r  t ime  and compare t h e  "60-Hertz" 
t ime  w i t h  s tandard t ime. Th i s  i s  t he  process by which e l e c t r i c  c l ocks  were 
kep t  accurate.  Often i t  was necessary t o  a d j u s t  t h e  ou tpu t  o f  power system 
generators  t o  a d j u s t  t h i s  60-Hertz t ime  e a r l y  i n  t h e  morning. The usual 
source o f  s tandard t ime  and frequency was r a d i o  s t a t i o n  WWVB. 



Sect ions Two through S i x  a r e  p r i m a r i l y  concerned w i t h  b u i l d i n g  a 1 - m i l l i s e c o n d  
t i m i n g  system. These sec t i ons  would be o f  most i n t e r e s t  t o  a u t i l i t i e s  
engineer.  

Sec t ion  Seven goes beyond 1 m i l l i s e c o n d  and d iscusses p resen t  and f u t u r e  power 
system appl i c a t i o n s  o f  p r e c i s e  t ime,  such appl  i c a t i o n s  as p r o t e c t i v e  r e l a y  
t e s t i n g ,  v o l t a g e  phase angle measure, and f i n a l l y ,  f a u l t  1  oca t ion .  C i t a t i o n s  
t o  t h e  l i t e r a t u r e  on p o s s i b l e  means t o  combine a l l  t h i s  i n f o r m a t i o n  a r e  
prov ided.  

Commercial companies a r e  i d e n t i f i e d  i n  t h i s  paper i n  o r d e r  t o  adequate ly  
d iscuss  issues.  Such i d e n t i f i c a t i o n  does n o t  imp l y  recommendation o r  
endorsement by Western Area Power Admini s t r a t i  on (Western),  n o r  does i t  imp l y  
t h a t  any i d e n t i f i e d  e n t i t y  i s  t h e  o n l y  o r  t h e  b e s t  a v a i l a b l e  f o r  t h e  purpose. 

SECTION TWO 
DESIGN CRITERIA  

I f i r s t  s t a r t e d  i n  t h e  power system t i m i n g  bus iness i n  t h e  Phoenix D i s t r i c t  
O f f i c e  o f  Western. We had a s h o r t - c i r c u i t  f a u l t  on t h e  Pa rke r -L i be r t y  230-kV 
1  ine. The o s c i l l o g r a p h  c l ocks  a t  Parker  and L i b e r t y  d i f f e r e d  by 2 minutes f o r  
t h e  same f a u l t .  Our expensive investment  i n  l i gh t -beam o s c i l l o g r a p h s  was n o t  
be ing  used t o  i t s  f u l l  capac i ty .  My supe rv i so r  asked me t o  c o r r e c t  t h i s  and 
t h e  f o l l o w i n g  des ign c r i t e r i a  have evolved s i nce  then. 

1. The t i m i n g  system should be accura te  t o  w i t h i n  1 m i l l i s e c o n d  (ms). One 
m i l l i s e c o n d  was chosen because t h i s  i s  t h e  r e s o l u t i o n  of t h e  t y p i c a l  SER. 
As t h e  power system i n  t h e  West grows, becomes more in te rconnec ted ,  and 
hence, more compl icated,  we need t ime  r e s o l u t i o n  of t h i s  o rde r  t o  
adequate ly  analyze events.  T h i s  1 m i l l i s e c o n d  goal  i m p l i e s  a  c r i t e r i a  o f  
a t  most 1500 microseconds (us )  a t  each l o c a t i o n .  

We a r e  l i v i n g  b o t h  w i t h  t h e  b l e s s i n g  and under t h e  curses o f  s o l i d - s t a t e  
re1  ay ing.  One mi 11 i second pu lses  a re  suspected o f  caus ing re1  ay problems 

. here i n  t h e  Montrose D i s t r i c t  O f f i c e .  We need a t i m i n g  system t h a t  w i l l  
use any SER t o  i t s  maximum e x t e n t  and accu ra te l y  t ime  f u t u r e  and f a s t e r  
mon i t o r i ng  equipment. 

2. The t i m i n g  system should be abso lu te  r a t h e r  than r e l a t i v e .  By t h i s  I mean 
t h a t  ou r  t ime  s tandard needs t o  be r e l a t e d  t o  an i n t e r n a t i o n a l  standard, 
such as ma in ta ined  i n  t h e  Un i t ed  S ta tes  by t h e  Na t i ona l  Bureau o f  
Standards (NBS) and t h e  U.S. Naval Observatory (USNO). We need t h i s  
s t a n d a r d i z a t i o n  so t h a t  i f  anyone e l s e  synchronizes t h e i r  equipment 
p r o p e r l y ,  we can compare t imes.  We cou ld  have b u i l t  a Western (WAPA) 
t i m i n g  system, b u t  then t h e  ques t i on  would always be, how does ou r  t ime  
r e l a t e  t o  t h e  r e s t  o f  t h e  wor ld?  

3. The system should be unattended. A f t e r  i n s t a l l a t i o n ,  we do n o t  have t h e  
workers t o  f i n e  tune an o s c i l l a t o r  every  month. 



4 .  The system should be r e l i a b l e .  The most accura te  system does you l i t t l e  
good i f  i t  i s  n o t  working, e s p e c i a l l y  d u r i n g  a  d is turbance.  We want a  
system t h a t  w i l l  work day i n  and day out .  Remember Murphy's Law. 

5. The system should use s tandard hardware. There i s  no need t o  become 
i n v o l v e d  i n  a  research p r o j e c t  when hardware i s  a v a i l a b l e  o f f  t h e  s h e l f .  

6. We want t h e  cos t s  p e r  subs ta t i on  t o  remain reasonable. 

SECTION THREE 
TIMEKEEPING 

One o f  t h e  p r ima ry  standards f o r  t ime  i n t e r v a l  i n  t h e  Un i t ed  S ta tes  i s  l o c a t e d  
i n  t he  Na t i ona l  Bureau o f  Standards Labora to ry  i n  Boulder,  Colorado. Th i s  
p r imary  o r  "master" c l o c k  i s  a  cesium beam atomic o s c i l l a t o r  c a l l e d  NBS-6. 
Th i s  master c l o c k  d r i v e s  o t h e r  e x o t i c  o s c i l l a t o r s  t h a t  operate one o f  t h e  t i m e  
sca les f o r  t h e  Un i t ed  States.  Another equal source o f  t ime  i n  t h e  Un i t ed  
S ta tes  i s  t h e  Un i t ed  S ta tes  Naval Observatory.  

A c t u a l l y ,  t h e r e  a re  severa l  t ime  sca les  i n  use th roughout  t h e  wor ld .  The main 
reason f o r  hav ing d i f f e r e n t  t ime  sca les i s  t h a t  t h e  sp inn ing  e a r t h  wobbles on 
i t s  a x i s  and does n o t  r o t a t e  w i t h  a  un i f o rm  r a t e .  However, a tomic c l ocks  a r e  
very  s tab le .  A l l  o f  t h i s  has been taken care  o f  i n  t h e  t ime sca le  we a re  
p r e s e n t l y  us ing,  Coord inated Un iversa l  Time (UTC). UTC has evolved from t h e  
o l d  Greenwich Mean Time (GMT) o r  Zulu.  I f  you a r e  a  nav iga to r ,  you would want 
t o  use a d i f f e r e n t  t ime  sca le,  UT1. UT1 v a r i e s  w i t h  respec t  t o  UTC. Whenever 
UTC v a r i e s  f r om UT1 by .9 ms, a  c o r r e c t i o n  i s  a p p l i e d  t o  UTC t o  keep t h e  two 
t ime  sca les  r e l a t i v e l y  c lose.  Th i s  c o r r e c t i o n  i s  c a l l e d  a  " l eap  second." A 
u t i l i t y  t h a t  i s  us ing  UT1 i s  B o n n e v i l l e  Power A d m i n i s t r a t i o n  (BPA) .  

The c e n t r a l  problem i n  accura te  t imekeeping i s  t r a n s f e r r i n g  " the  Time" f r om 
NBS o r  USNO t o  our  subs ta t ions  and d i spa t ch  cen te rs .  Even a t  t h e  speed o f  
l i g h t ,  a  s i g n a l  does n o t  ge t  f rom t h e r e  t o  here ins tan taneous ly .  No m a t t e r  
how vou t r v  t o  t r a n s m i t  t ime i n f o r m a t i o n  from t h e  source t o  t h e  user .  t h e r e  i s  
a  pGpagatFon delay.  The amount of de lay ,  t h e  accuracy o f  these p red i ca t i ons ,  
and t h e  u n c e r t a i n t y  o f  these p r e d i c t i o n s  (mean, s tandard dev ia t i on ,  e tc . )  
v a r i e s  w i t h  t h e  methods o f  t ime t ransmiss ion .  The cho ice  o f  t ransmiss ion  
medium i s  a  key i s sue  i n  any synch ron i za t i on  program. 

Every t ype  o f  t r a n s f e r  technique i s  go ing t o  have outages. However t ime  
i n f o r m a t i o n  i s  t r a n s f e r r e d  f rom t h e  t ime  source t o  us, i t  i s  recommended t h a t  
you r  l o c a l  c l o c k  can " f l y w h e e l "  or r u n  on i t s  own. You want you r  l o c a l  c l o c k  
o r  f requency s tandard t o  be ab le  t o  keep genera t ing  accura te  t i m e  i n f o r m a t i o n  
and then r e - l o c k  t o  UTC when t h e  outage i s  over.  

There a re  many ways o f  t r a n s f e r r i n g  t ime  i n f o r m a t i o n  t o  a  user  such as t h e  
Western Area Power Admin i s t r a t i on .  These i n c l u d e  t r a n s f e r  v i a :  

a. Leased te lephone c i r c u i t s  

b. High frequency broadcasts such as W W V  o r  WWVH (2.5, 5, 10, 15, and 
20 megahertz) 



c .  Low frequency broadcasts  such as WWVB (60 kHz) and Loran-C 
(100 kHz) 

d. U l  t r a - h i  gh frequency broadcasts  f rom geosynchronous ( s t a t i o n a r y )  o r  
o t h e r  s a t e l l i t e s  

e. TV s i g n a l s  and very  low frequency broadcasts  such as Omega 

f. High accuracy p o r t a b l e  cesium, rub id ium,  o r  qua r t z  c l ocks  moved 
between l o c a l  t ime  sources--so c a l l e d  " f l y i n g  c l ocks "  

g. D i s t r i b u t i n g  o f  a  s e r i a l  code f rom a  c e n t r a l  s i t e  t o  a  s u b s t a t i o n  on a 
p r i v a t e  o r  u t i l i t y - o w n e d  microwave r a d i o  system 

I n i t i a l l y ,  we can d i s r e g a r d  severa l  o f  t h e  op t i ons  above. The Omega 
n a v i g a t i o n  system and frequency t r a n s f e r  v i a  TV s i g n a l s  o f f e r s  h i gh  accuracy 
ra tes ,  b u t  r e q u i r e s  ope ra to r  i n t e r v e n t i o n .  They a re  n o t  automat ic .  F l y i n g  
c l ocks  a r e  n o t  s tand-a lone t i m i n g  sources t y p i c a l l y ,  b u t  r a t h e r  a  way t o  
p h y s i c a l l y  c a r r y  s tandard frequency i n f o r m a t i o n  f rom you r  l o c a l  standards 
l abo ra to r y .  They a re  expensive ($17,000 - $40,000). Wi th  t h i s  approach, you 
would need a  t ime  code genera to r  (TCG) t o  change t h e  very  s t a b l e  f requency 
source t o  a  t ime  format  useable by y o u r  equipment. 

I n  t h e  n e x t  sec t i on ,  we w i l l  d i scuss  some r e l a t i v e  advantages and 
disadvantages o f  t h e  remain ing f o u r  techniques. Now we need t o  t a l k  b r i e f l y  
about some d i g i t a l  languages ( f o rma ts )  used t o  t e l l  ou r  c l ocks  e x a c t l y  what 
t ime  i t  i s .  

A t i m e  code i s  a s e r i e s  o f  pu lses  used t o  represen t  numbers. These numbers, 
depending on t h e i r  p o s i t i o n  i n  a  code, represen t  seconds, minutes, hours,  o r  
days. Other  pu lses  a r e  used as frame synchronizers ;  i .e., re fe rence  p o i n t s .  
These synchron iz ing  pu lses t e l l  you o r  you r  l o c a l  s u b s t a t i o n  c l o c k  when t o  
s t a r t  f i g u r i n g  o u t  (decoding)  what t h e  pu lses  mean. Depending on t h e  
a p p l i c a t i o n ,  t h e  code can be sen t  as a d i r e c t  c u r r e n t  l e v e l  s h i f t  o r  as 
modulated pu lses  on a c a r r i e r  s i g n a l .  (1 ,  2 )  

There a r e  a whole s e r i e s  o f  t ime  codes which appear t o  be a s p i n - o f f  f rom t h e  
space program. The t ime  code we a re  most i n t e r e s t e d  i n  i s  an I n t e r  Range 
I ns t rumen ta t i on  Group Format B ( I R I G - B )  s e r i a l  t ime  code. IRIG-B has a 
1 second frame r a t e  and con ta ins  complete t ime  o f  day i n fo rma t i on ,  seconds 
through days. The code t y p i c a l l y  uses a 1 kHz c a r r i e r .  It i s  n o t  hard  t o  
count  cyc les  o f  t h e  c a r r i e r  i f  t h i s  code i s  w r i t t e n  d i r e c t l y  on an 
o s c i  11 ograph analog channel and o b t a i n  1 m i  11 i second reso l  u t i o n .  Th i  s code 
uses ampl i tude  modu la t ion  w i t h  t h e  w i d t h  o f  t h e  pu lses  s i g n i f y i n g  whether t h a t  
p a r t i c u l a r  p o s i t i o n  stands f o r  a  0  o r  a  1. Frame synch ron i za t i on  i s  marked by 
two 8 -cyc le  wide pulses. ( 3 )  

Please no te  t h a t  IRIG-B i s  a s e r i a l  t ime  code. T h i s  means t h a t  complete t ime  
i n fo rma t i on  can be t r a n s m i t t e d  over  a  s i n g l e  p a i r  o f  w i r e s  o r  a vo i ce  grade 
m u l t i p l e x  (MUX) microwave channel. Th i s  i s  con t ras ted  w i t h  a p a r a l l e l  t ime 
code. Wi th  a para1 l e l  code you need about 32 ( f o r  days through seconds) w i r e s  



t o  t r a n s f e r  complete t i m e  i n fo rma t i on .  T y p i c a l l y ,  you would use a p a r a l l e l  
b i n a r y  coded decimal (BCD) t ime  code w i t h i n  a d i s p a t c h  cen te r  o r  subs ta t ion .  

When you use a s e r i a l  t ime  code w i t h  a  modern d i g i t a l  c lock ,  t h e  c l o c k  can be 
designed t o  l o c k  i t s  i n t e r n a l  " f l y  wheel" o s c i l l a t o r  t o  t h e  incoming t ime  
code. Once you have l ocked  y o u r  l o c a l  c l o c k  i n ,  a  w e l l  designed l o c a l  c l o c k  
can "backpe ta l "  i t s e l f  t o  a l l o w  f o r  any p ropagat ion  delay.  The l o c a l  c l o c k  
can thus  p u t  o u t  a  l o c a l  t ime  s i g n a l  t h a t  i s  ve ry  c l o s e  t o  s tandard t ime. 

Another p o i n t  concerns i n f o r m a t i o n  con ten t  and no ise.  Bas ic  t heo ry  says t h a t  
you can o n l y  t r a n s m i t  a 1  i m i t e d  amount of i n f o rma t i on  over  a medium (channel )  
t h a t  has a  f i n i t e  band w i d t h  and f i n i t e  s i gna l - t o -no i se  r a t i o .  That i s  t o  say 
t h a t  more accura te  t ime  can be t r a n s m i t t e d  u s i n g  an I R I G - A  (10 k i l o h e r t z  
c a r r i e r ,  .1 second frame r a t e )  versus an IRIG-B code. However, w i t h  i t s  
h i g h e r  c a r r i e r  f requency, I R I G - A  r e q u i r e s  more channel bandwidth. Th i s  a1 so 
means t h a t  t h e  h i g h e r  SNR a  channel has, t h e  more i n fo rma t i on  can be 
t r ansm i t t ed .  ( 4 )  As M r .  James Jesperson of NBS once sa id ,  " I f  you had a 
n o i  se - f r ee  channel , p e r f e c t  t ime  i n f o r m a t i o n  (nanoseconds! ) cou ld  be 
t r a n s m i t t e d  w i t h  any t ime  code." O f  course, t h i s  never  happens. 

I n  r e a l - l i f e  c i r c u i t s  a  rough r u l e  o f  thumb i s  t h a t  t h e  b e s t  t ime  you can 
t r a n s f e r  i s  about 1 percen t  of t h e  t ime  code c a r r i e r  r a t e .  Th i s  means t h a t  
t h e  b e s t  you can do w i t h  IRIG-B (1 kHz c a r r i e r  = 1 ms c a r r i e r  p e r i o d )  i s  about 
10 us. R e a l i s t i c a l l y ,  t h e  accuracy may be around 50-100 us w i t h  IRIG-B. 

I n  t h e  l ong  debate of what approach t o  t a k e  i n  power system t im ing ,  t h e  above 
b r i n g s  up an i n t e r e s t i n g  p o i n t .  It has been s t a t e d  t h a t  t h e  v a r i a t i o n  o f  a  
microwave pa th  i s  i n  t h e  microseconds. Th i s  i s  t r ue ;  however, t o  use t h i s  
s t a b i l i t y  you need a  t ime  code capable o f  t r a n s f e r r i n g  microsecond accuracy 
such as  I R I G - A  o r  even I R I G - G  (100 kHz c a r r i e r ) .  Bu t  I R I G - A  o r  I R I G - G  w i l l  
occupy a  l a r g e  p o r t i o n  o f  y o u r  e n t i r e  microwave capac i t y !  

SECTION FOUR 
ADVANTAGES AND DISADVANTAGES OF 

DIFFERENT TIMING TECHNIQUES 

So f a r  we have THE TIME a v a i l a b l e  a t  NBS o r  USNO, t ime  codes t h a t  can t r a n s f e r  
t h i s  i n f o r m a t i o n  t o  us, and severa l  p o s s i b l e  methods o f  g e t t i n g  t h e  t ime  t o  
us. We a re  now going t o  launch i n t o  a  s h o r t  d i scuss ion  o f  t h e  r e l a t i v e  
advantages and disadvantages o f  each t ime  serv ice .  

Th i s  paper i s  p r i m a r i l y  concerned w i t h  d i s t u rbance  m o n i t o r i n g  equipment 
( o s c i l l o g r a p h s ,  e t c . )  and t i m i n g  a t  t h e  1 ms accuracy l e v e l .  An impo r tan t  
ques t i on  t o  ask i s  whether you r  u t i l i t y  wants t o  measure vo l t age  phase angle 
o r  use a  " t ime  domain" approach t o  l o c a t e  t ransmiss ion  l i n e  f a u l t s .  These 
1  a t t e r  appl  i c a t i o n s  r e q u i r e  more accuracy, t y p i c a l  l y  i n  t h e  microsecond 
reg ion .  (10, 19) One u t i l i t y  i s  us i ng  t i m i n g  t o  measure t h e  s t a b i l i t y  marg in  
on t h e i r  t r ansm iss ion  system. (20)  Hence, i f  you need a  20 us t ime  base, you 
have t h e  1 ms t ime  base f o r  o t h e r  equipment. O f  course, t he  cos ts  a re  h igher .  
(See Sec t ion  Seven. ) 



Opt ion  ( a ) ,  leased te lephone l i n e s ,  a r e  a cont inuous expense, w i t h  t h e  t o l l s  
l i k e l y  t o  inc rease  i n  t h e  f u t u r e .  To achieve t h e  des i r ed  1 m i l l i s e c o n d  
accuracy, you need an IRIG-B o r  e q u i v a l e n t  code w i t h  i t s  1000 Hz c a r r i e r .  A 
h i g h e r  grade of channel may be needed. Also, t h e  m u l t i p l e x  equipment used by 
"Ma B e l l "  may n o t  be synchronized end-to-end, and n o t  synchronized w i t h  
Western's microwave system. I f  a l l  channels do n o t  have a t o t a l l y  
synchronized m u l t i p l e x  system, many t ime  code generators  on t h e  r e c e i v i n g  end 
o f  an unsynchronized channel a re  l i k e l y  t o  be confused and generate erroneous 
t ime.  (10)  T h i s  i s  because t h e  phase of t h e  i n fo rma t i on  on a s e r i a l  t ime  code 
(such as I R I G  B )  may d r i f t  and become i nve r ted .  Here t h e  te rm synch ron i za t i on  
i s  used w i t h  r espec t  t o  t h e  s i n g l e  s i d e  band process o f  f requency m u l t i p l e x i n g  
many channels on a microwave r a d i o  c i r c u i t  ( o r  coax cab le ) .  

Another problem would be i f  the  te lephone c i r c u i t  were re- routed.  The 
p rogagat ion  de lay  would change. I t  would p robab ly  be necessary t o  measure t h e  
p ropagat ion  de lay  through t h e  phone c i r c u i t s  and then  r e e s t a b l i s h  accura te  
t ime  and frequency i n f o r m a t i o n  l o c a l l y .  ( 5 )  

W W V  Next, l e t  us d ispose o f  W W V .  B a s i c a l l y ,  W W V  i s  n o t  accura te  enough - 
o u t s i d e  o f  no r t he rn  Colorado. Over 100 m i l e s  away f rom t h e  F t .  C o l l i n s ,  
Colorado, t r a n s m i t t e r ,  t h e  ground wave s i g n a l  d i e s  out .  The s i g n a l  you 
r e c e i v e  w i l l  have bounced of f  t h e  sky ( ionosphere) .  Un fo r t una te l y ,  t h e  
ionosphere i s  n o t  a c r y s t a l l i n e  sphere, b u t  v a r i e s  i n  h e i g h t  above ground and 
i n  dens i ty .  These f a c t s  mean t h a t  t h e  l e n g t h  of t h e  pa th  t h e  t i m i n g  s i g n a l  
takes t o  g e t  f rom F t .  C o l l i n s  t o  you i s  hard  t o  determine accu ra te l y .  A lso,  
t h e  s i g n a l  may fade  i n  and out .  Th i s  i s  t h e  same process t h a t  causes 
n i g h t t i m e  AM r a d i o  o r  s h o r t  wave s i g n a l s  t o  fade i n  and ou t .  Th i s  f a d i n g  
p l ays  havoc w i t h  t ime  s i gna l s .  W W V  accuracy i s  t y p i c a l l y  10 ms. ( 6 ,  7 )  

Loran-C Loran-C i s  a low frequency n a v i g a t i o n  s e r v i c e  t h a t  o f f e r s  t h e  
-1 i ty  o f  microsecond t i m i n g  accuracy. Most Loran-C equipment i s  
designed t o  c o r r e c t  a secondary ( r ub id i um o r  q u a r t z )  standard. A t y p i c a l  
r e c e i v e r  i s  around $10,000 w i t h  a rub id ium standard c o s t i n g  $5,000 t o  $20,000. 
Obvious ly ,  we do n g t  want one f o r  each o s c i l l o g r a p h !  An a d d i t i o n a l  problem i s  
t h a t  you need o t h e r  t i m i n g  equipment t o  t e l l  t h e  t ime  w i t h i n  10 m i l l i seconds ,  
then  Loran-C improves you r  accuracy t o  microseconds. Again, t h e  f i e l d  i s  
r a p i d l y  changing and someone may des ign a new r e c e i v e r  tomorrow t h a t  does 
every th ing .  

GPS The Global  P o s i t i o n i n g  S a t e l l i t e  system i s  growing, o f f e r s  g r e a t  - 
accuracy, can be rece i ved  a lmost  everywhere, and t h e  r e c e i v e r  cos t s  a re  coming 
down. The accurac ies a re  about * 250 nanoseconds and t h e  cos t s  range from 
$15,000 t o  $40,000 each. (See Sec t ion  Seven. ) 

WWVB Another low f requency s e r v i c e  t h a t  l ooks  a t t r a c t i v e  i n i t i a l l y  i s  WWVB. - 
WWVB has a c a r r i e r  f requency o f  60 kHz and a t ime code t h a t  repeats  ( f rame 
r a t e )  once each minute.  Such a slow code r a t e  i s  necessary because t he  
c a r r i e r  has a low frequency. 

There' a r e  severa l  problems w i t h  t h i s  se rv i ce .  F i r s t ,  because o f  t h e  slow code 
format ,  t h e  b e s t  you can do i s  come w i t h i n  +500 microseconds o f  UTC. Such a 
s p e c i f i c a t i o n  would be acceptable f o r  a WWVB r e c e i v e r  synchron iz ing  one 



o s c i l  l og raph  a t  a  subs ta t ion .  However, WWVB may n o t  be a  good source t o  use 
t o  d i s t r i b u t e  through a  microwave system w i t h  unknown propagat ion  de lay  
var iances  and a r r i v e  a t  an o v e r a l l  accuracy o f  rt-500 microseconds. I t  was 
suggested t h a t  t h i s  +500 US accuracy would be b e t t e r  c l ose  t o  t h e  F t .  C o l l  i n s  
t r a n s m i t t e r .  Th i s  may n o t  be t r u e .  The reasons f o r  t h i s  a re :  

a. The code fo rmat  i s  slow, one frame p e r  minute,  n o t  one frame per  
second l i k e  I R I G - B .  

b. The bandwidth o f  t h e  t r a n s m i t t i n g  antenna i s  ve ry  sma l l .  When a 
pu l se  t r i e s  t o  go th rough t h e  antenna system, i t  ge ts  "smeared," A t  
t he  r e c e i v e r ,  i t  i s  hard  t o  say " t h i s  p o i n t  on t h e  smeared pu l se  t r a i n  
represen ts  t h e  p o i n t  when t h e  t r a n s m i t t e r  t u rned  o f f . "  I n  o t h e r  
words, WWVB may have n e g l i g i b l e  var iance  i n  i t s  path,  b u t  t h e  low 
c a r r i e r  f requency d i c t a t e s  an antenna system t h a t  makes t i m i n g  pu lses  
imprec ise  o u t  i n  t h e  f i e l d .  (8 )  

I cannot guarantee t h a t  you can r e l i a b l y  r e c e i v e  t h i s  s i g n a l  i n s i d e  a  
subs ta t ion .  (8. 9 )  I t  seems t h a t  open d isconnec t  swi tches and subs ta t i ons  i n  . - ,  
general  generate a 1  o t  o f  no i se  i n  t h e  60 kHz reg ion .  You can rece i ve  WWVB i n  
a  s u b s t a t i o n  i n  n o r t h e r n  Colorado, b u t  many have had problems elsewhere. (9, 
10, 11) It may t u r n  o u t  t h a t  t h e  r e l a t i o n s h i p  between t h e  antenna, t h e  h i g h  
vo l t age  swi t chyard ,  and t h e  F o r t  C o l l  i n s  , Colorado, t ransmi  t t e r  i s  c r i t i c a l .  
WWVB may be harder  t o  r e c e i v e  i f  t h e  sw i tchyard  ( t h e  no i se  genera to r )  i s  
between you r  r e c e i v i n g  antenna and F o r t  C o l l i n s .  I f  you a re  o n l y  t i m i n g  one 
s u b s t a t i o n  and you can rece i ve  and remain locked  t o  WWVB, t h i s  t ime  s e r v i c e  
may be useable. 

Another i n t e r e s t i n g  phenomenon i s  t h e  WWVB "b lack  h o l e  a t  Sacramento." 
Un fo r t una te l y ,  t he  ground wave and sky wave f rom WWVB may come toge the r  180" 
o u t  o f  phase and cancel .  The same t h i n g  happens i n  p o r t i o n s  o f  Texas and 
o t h e r  p laces  a t  s i m i l a r  wave d is tances  f rom t h e  F t .  C o l l i n s  t r a n s m i t t e r .  

P a r t i a l  Summary 

Up t o  t h i s  p o i n t ,  we have e l i m i n a t e d  severa l  p o s s i b l e  sources o f  t i m e  
i n fo rma t i on .  What i s  l e f t ?  As I p r e s e n t l y  see t h e  t i m i n g  p i c t u r e ,  t h e r e  a re  
t h r e e  p o s s i b i l i t i e s .  F i r s t  i s  t he  es tab l i shment  o f  a  cen te r  o f  s tandard 
frequency and t ime  a t  some c e n t r a l  p o i n t  a long a  microwave system. From here, 
t i m i n g  would be p laced  on a  microwave channel and d i s t r i b u t e d  t o  va r i ous  
subs ta t ions .  A t  " t i m e  c e n t r a l  ," we would need a  h i g h l y  accura te  secondary 
frequency s tandard w i t h  backup. Another approach i s  t o  use s a t e l l i t e  
equipment. The t h i r d  i s  t o  - try  WWVB rece i ve rs .  

Microwave T iming Channel. The advantages are: 
- 1 

1. I f  you a re  w i l l i n g  t o  spend t h e  t ime,  money, and bandwith,  b e t t e r  
I 

accurac ies  can be ob ta ined  and p u t  t o  good use. (See Sec t ion  Seven.) 



2. Many subs ta t i ons  t h a t  have m o n i t o r i n g  equipment a r e  c r i t i c a l  enough t o  
have a  microwave "drop," hence, a  t i m i n g  s e r v i c e  would be a v a i l a b l e .  

3.  Microwave systems have good, 1  ong-term re1  i a b i l  i ty. 

I The disadvantages are:  1 
1. I t  takes t ime  t o  ge t  a s i g n a l  th rough  a microwave m u l t i p l e x  system. 

Some paths w i t h i n  Western a re  long,  w i t h  p ropaga t ion  t imes of 1 t o  
3 m i l l i s e c o n d s .  Hence, i t  i s  necessary t o  i n s t a l l  a  t i m e  code 
genera to r  a t  each s u b s t a t i o n  t o  compensate f o r  system delays.  The 
c o s t  of a  TCG i s  between $3,500 and $6,000. 

2. Th i s  i s  b a s i c a l l y  a  c e n t r a l  s t a t i o n  versus a d i s t r i b u t e d  t y p e  of 
t i m i n g  system. F a i l u r e  o r  con fus ion  on t h e  p a r t  o f  t h e  master  
( c o n t r o l  s i t e )  t i  me code genera to r  causes e r r o r s  th roughou t  you r  
system. Murphy says t h a t  t h i s  w i l l  happen d u r i n g  a ma jo r  power system 
breakup. 

3 .  I f  you want t o  use t h i s  approach f o r  h i g h  accurac ies,  you may need an 
atomic c l o c k  o r  GPS r e c e i v e r  t o  measure t h e  p ropaga t ion  de lay  th rough  
t h e  microwave system. Th i s  measurement should  be repeated 
occas iona l l y ,  perhaps every  6 months t o  beg in  w i t h .  

4. The microwave systems a r e  r e l i a b l e ,  b u t  n o t  100 percent .  The i n t e r n a l  
o s c i l l a t o r  i n  a  TCG must be a b l e  t o  " f l y w h e e l "  ove r  s h o r t  outages. 
T h i s  means t h a t  you must buy a  synchron ized t ime  code genera to r  (has 
an i n t e r n a l  o s c i l l a t o r )  as opposed t o  a  t ime  code t r a n s l a t o r  o r  reader  
(no  o s c i  1  l a t o r ) .  

5. A ca tas t rophe  l i k e  t h e  d e s t r u c t i o n  o f  t h e  microwave repea te r  would 
make use less such a  t i m i n g  system. From a r e l i a b i l i t y  s t andpo in t ,  i t  
makes sense t o  have a second microwave path.  

6. I t  i s  ve r y  impo r tan t  t h a t  any microwave t i m i n g  channel be m u l t i p l e x  
synchron ized f rom t ime  c e n t r a l  t o  t h e  f u r t h e s t  end. If sync i s  l o s t ,  
t h e  t ime  code may i n v e r t ,  con fus ing  many t ime  code genera to rs .  

I t  i s  p o s s i b l e  t o  es t ima te  microwave p ropaga t ion  de lay  moderate13 accu ra te l y .  
(See Appendix A.) 

A s i m p l e r  v e r s i o n  o f  t h e  above i s  t o  n o t  c o r r e c t  f o r  microwave pa th  de lay.  
Simply w r i t e  t h e  r ece i ved  I R I G  code on an o s c i l l o g r a p h  analog channel. We d i d  
t h i s  i n  t h e  Phoenix D i s t r i c t  O f f i c e .  A f t e r  a  f a u l t ,  you have t o  s h i f t  y o u r  
o s c i l l o g r a p h  t ime.  The disadvantages a re  t h a t  i f  you need p a r a l l e l  ( f o r  
example, BCD) in fo rmat ion ,  i t  i s  n o t  a v a i l a b l e .  A lso ,  t ime  code genera to rs  
l o c a l l y  r e b u i l d  t h e  I R I G  s i g n a l .  The I R I G  f r om  a  microwave may be ve ry  n o i s y  
and ha rd  f o r  unsoph i s t i ca ted  equipment t o  work w i t h .  

S a t e l l i t e  Synchronized Clocks. The o t h e r  approach i s  t o  use s tand-a lone 
c l ocks .  The , p r i m a r y  t ime  repea te rs  a re  l o c a t e d  23,000 m i l e s  above t h e  
equator.  I n  Western, we have used t h e  commercial l y - a v a i l  a b l e  and f i e l  d-proven 



s a t e l l i t e  synchronized c locks .  These c l ocks  a r e  locked  t o  one o f  t h e  t h r e e  
Geos ta t ionary  Opera t iona l  Environmental  Sate1 1  i t e s  (GOES).  These s a t e l  1 i t e s  
were designed t o  ga ther  geophys ica l  da ta  and r e l a y  these da ta  t o  e a r t h  w i t h  a  
t ime  tag.  Th i s  t ime t a g  has grown t o  a  h i g h l y  accura te  t ime  s e r v i c e  w i t h  
day-to-day accurac ies  o f  +I00 us. (13, 14) Most o f f i ces  (Areas) w i t h i n  
Western a r e  u s i n g  t h i s  approach. 

F i r s t  l e t  us d iscuss  p ropagat ion  de lay  and accuracy. The s a t e l l i t e  i s  r e a l l y  
j u s t  a repeater .  The h i g h  p r e c i s i o n  c l o c k  i s  l o c a t e d  a t  t h e  t r a n s m i t t e r  
( u p - l i n k )  a t  Wallops I s l and .  The s i g n a l  takes about 260 m i l l i s e c o n d s  t o  
t r a v e l  i n  f r ee  space f rom Wallops I s l a n d  t o  t h e  s a t e l l i t e  and back t o  t h e  
western Un i t ed  States.  To c o r r e c t  t h i s ,  t h e  t ime  l e a v i n g  Wallops I s l a n d  i s  
advanced t h i s  same amount so t h a t  when t h e  s i g n a l  a r r i v e s ,  i t  i s  on t ime  t o  
w i t h i n  a few m i l l i seconds .  Fo r  f u r t h e r  c o r r e c t i o n  t o  sub-mi l l i second 
accurac ies,  t h e r e  a r e  two approaches. 

The f i r s t  approach i s  t o  f u r t h e r  c o r r e c t  f o r  average p a t h  de lay.  Th i s  i s  done 
by u s i n g  c h a r t s  supp l i ed  by t h e  manufacturer  o r  us i ng  a s imp le  computer 
program. I n t e r n a l  swi tches a r e  s e t  so t h e  IRIG-B code comes o u t  w i t h i n  
approx imate ly  1300 US o f  UTC (NBS) i n  t h e  western Un i t ed  States.  Th i s  i s  t h e  
approach taken by True Time Ins t ruments  on t h e  Model 468DC S a t e l l i t e  
Synchronized C l  ock. 

There i s  ano ther  approach used by o t h e r  manufacturers,  A r b i t e r  Systems, Inc .  
and Trak Systems. They b u i l d  what i s  c a l l e d  a  "smart"  c lock .  I n  t h i s  
approach, t h e  i n t e r n a l  microprocessor  reads t h e  s a t e l l i t e  p o s i t i o n  f rom t h e  
down code. Knowing t h e  s a t e l l i t e  p o s i t i o n  and t h e  l a t i t u d e  and l o n g i t u d e  o f  
t h e  c lock ,  an exac t  p ropagat ion  de lay  f i g u r e  i s  computed and used t o  c o n t r o l  
t h e  IRIG-B code out.  

Recent ly,  t h e  budget f o r  o r b i t a l  maintenance o f  t h e  GOES system has been 
reduced. Wi th  t h i s  reduc t ion ,  t h e  sate1 1  i t e s  d r i f t  more and t h e  o r b i t a l  
p o s i t i o n  i n f o r m a t i o n  i s  n o t  as accurate.  What t h i s  means i s  t h a t  even i f  you r  
r ece i ve r - c l ock  s t a t e s  t h a t  i t  i s  accura te  t o  + l o  US o f  UTC, t h e  t r a n s m i t t e d  
s a t e l l i t e  p o s i t i o n  i n f o r m a t i o n  may be i naccu ra te  such t h a t  y o u r  l o c a l  r ece i ved  
t ime  may d i f f e r  f rom UTC (NBS) by + 100 US. The + 100 US i s  j u s t  meant t o  be 
a t y p i c a l  number. The ac tua l  f i g u r e s  va ry  f rom day t o  day i n  a seemingly 
s t o c h a s t i c  process. Ac tua l  GOES performance i s  moni tored i n  Boulder,  
Colorado, by NBS. (13) 

Another i n t e r e s t i n g  p o i n t  i s  t h a t  if y o u r  average p ropagat ion  de lay 
r e c e i v e r - c l o c k  has a p ropagat ion  de lay  s w i t c h  i n  t h e  hundreds o f  microseconds 
range, t h e  performance o f  t h i s  c l o c k  versus a smart  c l o c k  may be ve ry  s i m i l a r  
a l a r g e  percentage o f  t h e  t ime. 

-The re  a r e  severa l  advantages and disadvantages i n  t h e  use o f  s a t e l l i t e  
synchronized c locks .  Among t h e  advantages are:  

1. They a r e  smal l ,  l i g h t w e i g h t ,  easy t o  i n s t a l l ,  and easy t o  s e t  up. The 
o n l y  i n s t a l  l a t i o n  problem i s  mount ing t h e  10-pound antenna. Typ i ca l  
i n s t a l l a t i o n  t ime  i s  1 t o  2 work ing  days. 



2, The p r i c e  i s  reasonable,  rang ing  from $3,800 t o  $4,500, depending on 
op t i ons .  

3. Knowing y o u r  l a t i t u d e  and l ong i t ude ,  you can e a s i l y  s e t  t h e  i n t e r n a l  
swi tches and o b t a i n  t ime  code ou tpu t s  accura te  t o  l e s s  than 
1 m i l  1  isecond. Recent performance t y p i c a l l y  runs 100-300 US 
(peak-to-peak) back t o  UTC. (18) 

4. A l l  i n s t a l l e d  c l ocks  a r e  up and running.  We have had no f a i l u r e s .  

5. If one c l o c k  were t o  f a i l ,  we o n l y  l o s e  synch ron i za t i on  a t  t h a t  
subs ta t ion .  

6. We a r e  n o t  p u t t i n g  a l l  o u r  eggs i n  one basket.  There a r e  t h r e e  
sate1 1  i t e s  i n  o r b i t  (East ,  West, and spare) .  

6 7.  A l l  c l ocks  have t h e i r  own i n t e r n a l  o s c i l l a t o r  (1 x 10 o r  b e t t e r )  so 
t h a t  i f  a l l  s a t e l l i t e  l o c k  i s  l o s t ,  t h e  c l o c k  a c c u r a t e l y  f l ywhee l s  on 
i t s  own. The c l o c k  a l s o  t e l l s  you i f  i t  cou ld  be o f f  t ime  by a s s e r t i n g  
b i t s  i n  t h e  Pr t550 r e g i o n  o f  t h e  I R I G  Code. 

8. The IRIG-B code o u t p u t  i s  c l ean  and s tab le .  Equipment such as a  
Hathaway 280 IRIG-B decoder has no t r o u b l e  l o c k i n g  i n .  (See Sec t ion  
Six.  ) 

9. A p a r a l l e l  BCD o r  RS-232(c) o p t i o n  i s  a v a i l a b l e  so t h a t  o t h e r  
equipment can be t o t a l l y  synchronized. 

10. The downl ink f requency i s  h igh ,  namely 468 MHz. Wi th  t h i s  h i g h  
c a r r i e r ,  a  h i g h  frame r a t e  code can be used t o  p rov ide  h i gh  t ime  
r e s o l u t i o n .  

11, S a t e l l i t e  l o c k  can be e a s i l y  ob ta ined  i n  a subs ta t i on .  I po in ted  t h e  
antenna through t h e  Curecant i  230-kV bus and through t h e  c o n t r o l  house 
r o o f  a t  Shiprock ( b o t h  SLCA subs ta t i ons )  and had no problem ach iev ing  
s a t e l l i t e  lock .  I do n o t  recommend t h i s  i n  the l o n g  term. Move t h e  
antenna a few meters. 

Some o f  t h e  disadvantages are:  

1. I f  you choose t o  operate y o u r  True Time c l o c k  i n  "Auto" mode so t h a t  
t h e  c l o c k  can a u t o m a t i c a l l y  sw i t ch  between s a t e l l i t e s ,  t h e  propagat ion 
de lay  i s  d i f f e r e n t  f rom t h e  East s a t e l l i t e  t o  t h e  West s a t e l l i t e .  You 
cou ld  be o f f  by  +4 ms. Th i s  problem can be bypassed by l o o k i n g  t o  t h e  
East ( o r  West) s a t e l l i t e  o r ,  mon i t o r i ng  s a t e l l i t e  l o c k  as we can do a t  
A u l t  Substat ion.  (19)  Th i s  problem has been so lved  w i t h  t h e i r  
Advanced Performance Opt ion. Other GOES c l ocks  do n o t  have t h i s  
problem. 

2. The f requency b roadcas t  f r om t h e  s a t e l l i t e s  down t o  t h e  ground 
(down l ink )  i s  i n  a f requency band t h a t  i s  shared w i t h  l a n d  mob i le  



serv ices .  I n  a  l a r g e  urban area f u l l  o f  mob i l e  r ad ios ,  you m igh t  l o s e  
sate1 1 i t e  1 ock occas iona l  ly. 

The Choice: 

The f i n a l  d e c i s i o n  on whether t o  use a microwave channel o r  GOES equipment 
depends on t h e  p ropaga t ion  pa th  you  a r e  used t o  and p r e f e r .  The microwave 
channel goes th rough  t h e  lower  atmosphere and many repea te rs .  The s a t e l l i t e  
channel i s  mos t l y  i n  f r e e  space (vacuum). What t y p e  o f  geometry do you 1 i ke? 
For  an e x c e l l e n t  f u r t h e r  d iscuss ion ,  see re fe rences  11 o r  12. 

SECTION F IVE 
EQUIPMENT DETAILS 

Now t h a t  we have an IRIG-B ( o r  p a r a l l e l  BCD) on y o u r  s u b s t a t i o n  doorway, what 
do you do w i t h  i t ?  I f  you  a r e  s t i l l  awake, we w i l l  d i scuss  some exper iences 
and recommendations on how t o  t ime  each p i ece  o f  equipment. Th i s  Sec t i on  i s  
i n t ended  t o  be a h e l p f u l  l i s t  o f  my exper iences ove r  t h e  p a s t  severa l  yea rs  
(1982-1986). The v a r i o u s  manufacturers  may have changed t h e  d e t a i l s  by  now. 
L e t ' s  d iscuss  o s c i l  l og raphs  f i r s t :  

Sangamo RA-5 Systems (Phoenix D i s t r i c t )  T h i s  o s c i l  l og raph  i s  t h e  t ype  
where you have two l a r q e  maqnet ic tape  recorders  ( t r a n s p o r t s ) ,  one runn ing  1 
a t  a time. I n  t h e  pas t ,  a l o c a l l y  generated unsynchronized I R I G - B  t ime  
code was w r i t t e n  on channel 1. To synchron ize,  j u s t  t a k e  t h e  IRIG-B f rom 
t h e  microwave o r  s a t e l l i t e  c l o c k  and w r i t e  t h e  synchron ized I R I G  on 
channel 1. I t  i s  p o s s i b l e  t o  synchron ize t h e  e x i s t i n g  t ime  code genera to r  
( 16 ) ,  and use t h i s  as a back-up. 

Hathaway RS-9, RS-9/30, RS-32, RS440, e t c .  
These o l d e r  Hathaway o s c i l l o q r a p h s  a r e  seen i n  t h e  Phoenix and Montrose - .  
D i s t r i c t s  and, I b e l i e v e ,  i n  t h e  B i l l i n g s  Area o f  Western. The c l o c k  on 
these  machines i s  t y p i c a l l y  some s o r t  o f  r o t a t i n g  d i a l  t h a t  i s  f l a s h e d  on 
t h e  end of t h e  run. I f  you can space one channel ,  j u s t  i n p u t  I R I G - B  t o  
t h a t  channel .  IRIG-B i s  l i k e  an aud io  s i g n a l  and i s  designed t o  be read  
o f f  an o s c i l l o g r a p h  o r  magnet ic p layback t r a c e .  You may need t h e  
communications t e c h n i c i a n s  t o  i n s t a l l  a  te lephone- type l i n e  d r i v e r  
a m p l i f i e r  t o  boos t  t h e  IRIG-B up t o  h i g h e r  ampl i tude.  The Phoenix r e l a y  
crew and I have done t h i s  s u c c e s s f u l l y .  Run t h e  o s c i l l o g r a p h  f o r  b e t t e r  
than  a second so t h a t  you always g e t  a  f u l l  frame o f  IRIG-B. 

Hathaway AD o r  SD 544 Systems 
hathawav has heard t h e  s i r e n  c a l l  o f  be i ng  on t i m e  and designed a c i r c u i t  
t o  make IRIG-B compat ib le  w i t h  t h e i r  o s c i  1  l og raph  c lock .  - s p e c i f i c a l l y  , 
t h i s  Hathaway Model 280 IRIG-B Decoder ( a  mere $1,900) takes  IRIG-B as 
i n p u t  and o u t p u t  pu lses  t h a t  a r e  compat ib le  w i t h  t h e i r  Model 255 o r  257 
c l ocks .  These pu lses  r e s e t  t h e  seconds coun te r  t o  ze ro  once each minu te  
and t h e  minutes coun te r  t o  ze ro  once each hour. I f  t h e r e  i s  a  spare 
( ana log )  channel on t h e  o s c i l l o g r a p h ,  I have recommended t h a t  t h e  incoming 
I R I G  code be w r i t t e n  on a channel d i r e c t l y .  Wi th  d i r e c t  w r i t i n g ,  you g a i n  
accuracy and have a back-up and an es t ima te  o f  any t i m e  e r r o r .  (17 )  



Hathaway, F a u l t  Mon i t o r  o r  SER 6000 
I n  t h i s  new combined osc i l l og raph -sequen t i a l  r eco rde r  (SER) approach, t h e  
c l o c k  i n  t he  SER does t h e  equipment t im ing .  Hence, we need t o  synchronize 
t h i s  c l ock  t o  UTC. One method i s  t o  o r d e r  ( o r  r e t r o f i t )  you r  f a u l t  
mon i t o r  w i t h  " c l o c k  Opt ion  C."  Th i s  a d d i t i o n  o f  one p r i n t e d  c i r c u i t  board 
a l l ows  t h e  SER c l o c k  t o  accept  a  mu1 t i - b i t  p a r a l  l e l  BCD which keeps 
e v e r y t h i n g  (days, hours, minutes, and seconds) i n  l o c k  s tep.  I f  you have 
a  sate1 1 i t e  c lock ,  have you r  sate1 1 i t e  c l o c k  r e f i t t e d  w i t h  t h e  pa ra l  le l  
BCD op t ion .  If your  t ime  comes from t h e  microwave system and i s  n o t  
c o r r e c t e d  f o r  de lay,  o r d e r  a  TCG w i t h  t h e  BCD op t ion .  Th i s  b l ack  box 
takes IRIG-B i n ,  c o r r e c t s  f o r  delay,  and ou tpu t s  p a r a l l e l  BCD. Connect 
t h e  BCD t o  " c l o c k  o p t i o n  C." 

Rochester Ins t rument  Systems (RIS) 
The sequent ia l  event  recorders  produced by R I S  can be synchronized v i a  an 
o p t i o n  BCD i n p u t .  The IOM3 m o d i f i c a t i o n  i s  needed. The R I S  t r a n s i e n t  
r eco rde r  ( a  h i gh  performance d i g i t a l  " o s c i l  l og raph" )  accepts IRIG-B. R I S  
a l s o  packages a  combined SER-transient r eco rde r  combinat ion. Here bo th  
p a r a l l e l  (BCD) and s e r i a l  (IRIG-B) t ime  i n f o r m a t i o n  i s  r equ i red .  I hope 
t h a t  i n  t h e  f u t u r e  o n l y  I R I G  w i l l  be requ i red .  

D rane t t  Technologies 
Drane tz  i s  another  manufacturer  o f  SERs. These can be synchronized i n  two 
d i f f e r e n t  ways. F i r s t ,  t h e i r  SER comes a l r eady  equipped w i t h  a 50-p in  BCD 
i n p u t  p o i n t  t h a t  accepts  seconds-through-hours i n fo rma t i on .  
Un fo r t una te l y ,  days i n f o r m a t i o n  i s  n o t  used. The second method i s  t o  
purchase t h e i r  o p t i o n  "Trak-Pack" i n t e r n a l  t ime  code generator .  Th i s  
o p t i o n  i s  a  smal l  package t h a t  conver ts  an I R I G - B  i n p u t  t o  BCD f o r  t h e  
Dranetz. 

One disadvantage o f  t h e  Oranetz approach i s  t h a t  t h e  days a r e  n o t  
synchronized. A  n i c e  f e a t u r e  i s  t h a t  i f  t h e  e x t e r n a l  t ime  base i s  l o s t  o r  
i s  performing poo r l y ,  t h e  Dranetz w i l l  a u t o m a t i c a l l y  sw i t ch  t o  i t s  
i n t e r n a l  t ime,  then  r e - l o c k  t o  t h e  e x t e r n a l  s i gna l  when t h e  i n f o r m a t i o n  i s  
s t ab le .  

SECTION S I X  
APPROACHES TAKEN BY AREAS 

WITHIN WESTERN 

I n  t h i s  sec t i on ,  we d iscuss  t h e  approaches taken by t h e  d i f f e r e n t  Areas t o  
date.  No endorsement o r  d isapprova l  o f  any equipment i s  in tended o r  imp l ied .  
Any op in i on  expressed i s  t h a t  o f  t h e  author .  

Boulder  City (Phoenix).  I n  t h i s  Area, t i m i n g  s i g n a l s  a r e  rece i ved  f rom t h e  
G O t S  s a t e l l i t e  a t  Phoenix D ispa tch  and a t  Mead and L i b e r t y  Substat ions.  A t  
Phoenix Dispatch,  t h e  BCD ou tpu t  f rom t h e  c l o c k  i s  used t o  p rov ide  a backup t o  
t h e  t ime  d i s p l a y  i n  Dispatch. 

A t  Mead Subs ta t ion ,  a s a t e l l i t e  c l o c k  i s  p r e s e n t l y  synchron iz ing  t h r e e  
newly - i  n s t a l  1  ed f au l - t  mon i t o r  t ype  o s c i  11 ographs. 



Plans a r e  t o  e v e n t u a l l y  t ake  I R I G  f r om Phoenix t o  Parker  and Davis  Dams, down 
t o  G i l a  Substat ion,  and f i n a l l y  up t o  Mead. A t  Mead, t h e  s a t e l l i t e  c l o c k  w i l l  
back-feed t he  microwave system upon t h e  l o s s  o f  an incoming I R I G  s i gna l .  
Please no te  t h a t  p r e s e n t l y  t h e r e  i s  no c o r r e c t i o n  f o r  p ropagat ion  delay.  It 
would be easy t o  add t ime  code generators  ( l i k e  those we have discussed 
e a r l i e r ) .  Recent ly ,  t h e  engineers i n  t he  Phoenix O f f i c e  a re  cons ide r i ng  go ing 
t o  s a t e l l i t e  c l ocks  i n s t e a d  o f  a  microwave system approach. 

Loveland-Ft,  C o l l i n s  Area. I n  t h i s  Area, t h e  microwave system i s  p r e s e n t l y  
under cons t ruc t i on ,  b u t  t h e r e  was a r e a l  and r a p i d  need t o  o b t a i n  accura te  
t i m i n g  on t h e  o s c i l  lographs.  System breakups were go ing through t h i s  Area. I 
recommended and management gave t h e  go-ahead t o  purchase e i g h t  rack-mounted 
and one f i e l  d -por tab l  e True Time sate1 1 i t e  c locks.  Seven rack-mounted c l ocks  
were f o r  t h e  Loveland Area and one f o r  t h e  Montrose D i s t r i c t  (Curecan t i  
Subs ta t ion) .  To da te ,  c l ocks  have been i n s t a l  l e d  i n  n o r t h e r n  Colorado, 
western Nebraska, and throughout  Wyoming. 

Sacramento, Cal i f o r n i a .  Presen t l y ,  t h i s  Area w i t h i n  Western has f o u r  GOES 
c l ocks  a t  t h e  f o l l o w i n g  l o c a t i o n s :  t h e  Sacramento Cont ro l  Center,  and 
E l v e r t a ,  Tracy, and Keswi ck  Substat ions.  

S a l t  Lake City (Montrose).  I n  my f i e l d  o f f i c e  (Montrose, Colorado),  we have 
i n s t a l l e d  a h y b r i d  t i m i n g  system. Western operates i t s  own microwave 
communications system throughout  t h e  upper Colorado R i v e r  bas in .  Where t h e  
microwave system reaches a des i r ed  s u b s t a t i o n  w i t h  a  l i g h t  beam o s c i l l o g r a p h  
o r  t r a n s i e n t  recorder ,  a synchronized t ime  code genera to r  was i n s t a l l e d .  
Where t h e r e  was no microwave channel, True Time 468 DC s a t e l l i t e  c l ocks  were 
i n s t a l l e d .  These c l ocks  have been r e t r o f i t t e d  w i t h  t h e  Advanced Performance 
Opt ion. 

I n  Montrose a t  t h e  power system d i spa t ch  and c o n t r o l  cen te r ,  an A r b i t e r  
Systems Model 1057 Power System Time and Frequency Standard i s  used f o r  t h e  
c e n t r a l  s i t e  source o f  IRIG-B. Other s i g n a l s  from t h e  A r b i t e r  f eed  power 
system frequency and t ime  d i f f e r e n c e  t o  t h e  SCADA system. From t h e  A r b i t e r ,  
I R I G  i s  r u n  through a d i s t r i b u t i o n  a m p l i f i e r  then  t o :  

1. a l a r g e  t ime  d i s p l a y  i n  t h e  c o n t r o l  cen te r .  

2. a s imple t ime  code genera to r  t o  synchronize an HP 1000 computer. 

3 .  two microwave system voice-grade channels which connect t o  t h e  remote 
subs ta t ions .  A p a r t y - l i n e  channel c o n f i g u r a t i o n  i s  used. 

4. a D rane t t  SER used t o  mon i t o r  t ransmiss ion  l i n e  t r a n s f e r  t r i p p i n g  
s i gna l s .  

A t  each subs ta t i on ,  t h e  remote TCGs were s e t  t o  r u n  on t h e i r  i n t e r n a l  
o s c i l l a t o r  upon l o s s  o f  t h e  incoming IRIG-B o r  t h e  d e t e c t i o n  o f  c o n t r o l  b i t  
PR+550 on t h e  IRIG-B code. Such b i t  would i n d i c a t e  l o s s  o f  l o c k  a t  t he  
c e n t r a l  s i t e .  The TCGs were manufactured by KODE, Inc .  Several  spec ia l  
op t i ons  were added i n c l u d i n g  a 5 VDC i n p u t .  We used 130 VDC t o  5 VDC 
conver te rs  made by Lambda. It was necessary t o  inc rease  t h e  p ropagat ion  de lay  



from a maximum of 1 m i l l i s e c o n d  t o  10 m i l  1  iseconds ( t h e  manufacturer  chose t o  
go t o  100 m i l  1  iseconds).  (18) 

A GOES s a t e l l i t e  c l o c k  has been i n s t a l l e d  a t  Curecant i  Subs ta t ion  near  
Montrose and i s  connected d i r e c t l y  t o  an o s c i l l o g r a p h  analog channel. A t  
Curecant i  Substat ion,  we w r i t e  IRIG-B d i r e c t l y  on one analog channel and feed  
a Hathaway 280 IRIG-B decoder. The o s c i l  l og raph  i s  a  Hathaway Model 544 AD, 
A Rochester Inst ruments Model RA 2800 SER has been added. The one 
pulse-per-hour  (PPH) s i g n a l  was taken f rom t h e  280 decoder and f e d  t o  t h e  1 
PPH i n p u t  on t h e  SER. Th i s  h y b r i d  synch ron i za t i on  appears t o  be work ing w e l l .  

For a  p e r i o d  o f  one y e a r  i n  1984, we had s a t e l l i t e  c l ocks  on bo th  ends o f  a  
c r i t i c a l  230-kV l i n e .  We had two system d is turbances.  Both t imes t he  
i n c i d e n t  f a u l t  c u r r e n t s  showed t h e  same m i l l i s e c o n d  t ime  a t  bo th  ends of t he  
l i n e s .  We were a l s o  ab le  t o  t ime  t h e  t ransmiss ion  and r e c e p t i o n  o f  d i r e c t  
t r a n s f e r  t r i p  s i g n a l s  between t h e  r e l a y  t e rm ina l s .  A s a t e l l i t e  c l ock  w i l l  be 
i n s t a l l e d  a t  Midway Substat ion,  near  Colorado Springs, Colorado. 

SECTION SUMMARY 

As you can see f rom t h i s  paper, 1 m i l l i s e c o n d  r e s o l u t i o n  i s  n o t  hard  t o  
achieve. Accurate 1 m i  11 i second t ime  base, a1 1 you r  geographica l  l y - s c a t t e r e d  
power system mon i to rs  w i l l  be combined i n t o  a  m u l t i - s t a t e  d is tu rbance  
mon i t o r i ng  system. 

We have seen t h a t  t h e r e  a r e  b a s i c a l l y  two methods o f  g e t t i n g  an accura te  t ime  
s i gna l  t o  t he  equipment i n  t h e  s u b s t a t i o n  o r  d i spa t ch  cen te r .  One approach 
uses a h i g h  r e l i a b i l i t y ,  h i gh  accuracy " t i m e  c e n t r a l "  and microwave channels 
t o  d i s t r i b u t e  t h e  coded t ime  i n fo rma t i on .  A t  each s i t e ,  t h e  s i g n a l  i s  
ad jus ted  and made u s e f u l  t o  whatever equipment you have. 

The o t h e r  approach i s  t o  l o c a t e  a stand-alone t ime  source--a s a t e l l i t e  c l o c k  
f o r  a no i sy  subs ta t i on - -a t  each s i t e .  Each subs ta t i on  c l o c k  i s  s e t  up t o  
operate independent ly  and o u t p u t  t h e  needed codes o r  pulses. O f  course, a  
combinat ion o f  t h e  two approaches i s  poss ib l e .  

I have b u i l t  and operated bo th  a microwave and a s a t e l l i t e  t i m i n g  system. The 
microwave approach cos t s  about equal t o  t w i c e  as much as s a t e l l i t e  c l ocks  and 
t y p i c a l l y  i n v o l v e s  severa l  d i v i s i o n s  o f  an o rgan i za t i on .  The t ime  t r a n s f e r  
r e s u l t s  appear t o  be very  s i m i l a r .  

SECTION SEVEN 
ADVANCED APPLICATIONS 1 

4 
j 

So f a r ,  we have been d i scuss ing  l a r g e  area t i m i n g  i n  t h e  1 m i l l i s e c o n d  
a 

accuracy range. Wi th  b e t t e r  t ime  accurac ies  a v a i l a b l e ,  o t h e r  a p p l i c a t i o n s  
occur:  ( 
100 t o  20 microseconds: 4 ,] 
The f unc t i on  o f  a  r e l a y  o r  p r o t e c t i o n  engineer  i s  t o  ensure t h e  
e lect romechanica l  o r  s o l i d - s t a t e  equipment he o r  she ma in ta ins  works w i t h  

1 
. :  



r e l i a b i l i t y  as c l o s e  t o  100 percen t  as poss ib l e .  A t  h i g h  vo l tage ,  s h o r t  
c i r c u i t s  ( o r  f a u l t s )  occur  due t o  l i g h t n i n g  s t r i k e s  o r  equipment breakdown. 
Wi th  t h e  tremendous amounts o f  energy a v a i l a b l e  t o  supply  a s h o r t  c i r c u i t ,  i t  
i s  very  impor tan t  t h a t  any f a u l t e d  p o r t i o n  o f  t h e  e l e c t r i c  power system be 
i s o l a t e d  ve ry  q u i c k l y .  

Conversely, you do n o t  want you r  equipment m isopera t ing  o r  ove r  r e a c t i n g  f o r  
no one l i k e s  t o  be i n  t h e  dark.  

To t h i s  end, r e l a y  engineers have s p e c i a l i z e d  t e s t  equipment c a l l e d  r e l a y  t e s t  
sets .  Be fo re  a  new r e l a y  system i s  p laced i n  se rv i ce ,  i t  i s  d e s i r a b l e  t o  
s imu la te  a  f a u l t .  T h i s  i s  done a t  sa fe  l e v e l s  i n s i d e  t h e  subs ta t ion .  It 
would be b e s t  t o  have a r e l a y  t e s t  s e t  a t  each end o f  a  t ransmiss ion  l i n e  and 
us ing  two t i m i n g  pu lses  s t a r t  t h e  t e s t  w i t h i n ,  say, 100 microseconds o f  each 
o ther .  I n  t h i s  way, t h e  t o t a l  performance of t h e  r e l a y  system cou ld  be 
eva lua ted  be fo re  t h e  system had t o  p r o t e c t  an a c t u a l  h i g h  vo l t age  ( o r  EHV) 
t r ansm iss ion  l i n e .  Problems cou ld  be found be fo re  any misoperat ions.  

On t h e  o t h e r  hand, i f  a r e l a y  system d i d  misoperate,  we want t o  know why. 
I n d u s t r y  leaders  a r e  d i scuss ing  t h e  advantages o f  t h e  f o l l o w i n g  t e s t  
procedure. F i r s t ,  f r om a modern h i g h  sample r a t e  d i g i t a l  d is tu rbance  
recorder ,  o b t a i n  a  reco rd  o f  t h e  f a u l t  t h a t  caused t h e  r e l a y  misoperat ion.  
S to re  t h i s  r e a l  l i f e  da ta  i n  a f l o p p y  d i s k  o r  o t h e r  media. Now, p l a y  t h i s  
da ta  back through you r  r e l a y  t e s t  se t ,  us i ng  t h e  t e s t  s e t  as an a m p l i f i e r .  
T r i g g e r  each end w i t h  y o u r  t i m i n g  system. 

Some r e l a y s  t h a t  p r o t e c t  s e r i e s  compensated t ransmiss ion  l i n e s  d e t e c t  a  f a u l t  
by t h e  t r a v e l i n g  wave f r o n t  i t  produces. To t e s t  t h i s  t ype  o f  r e l a y ,  perhaps 
g r e a t e r  t i m i n g  synch ron i za t i on  accurac ies  a r e  needed t o  s imu la te  t h e  
d i f f e r e n c e s  i n  a r r i v a l  t imes. 

Twenty microseconds : 

The e l e c t r i c  power system, l i k e  any o t h e r  system, can be cha rac te r i zed  by i t s  
s t a t e  v a r i a b l e s .  A p c s s i b l e  s e t  of s t a t e  v a r i a b l e s  would be ( r e a l )  power 
f l ow ,  r e a c t i v e  power f l o w ,  vo l t age  magnitude a t  s u b s t a t i o n  buses (nodes),  and 
vo l t age  phase angle. H i s t o r i c a l  l y ,  t h e  f i r s t  t h r e e  q u a n t i t i e s  have been easy 
t o  mon i to r .  Vol tage phase angle  has been ve ry  hard  t o  measure i n  t h e  past.  
T y p i c a l l y ,  t h e  magnitude o f  t he  vo l t age  phase angle d i f f e r e n c e  between major  
s u b s t a t i o n  buses l i e s  between 5 and 30 degrees. A t  a normal power system 
frequency o f  60 Her tz ,  1 degree equal s  approx imate ly  43 microseconds. 

The b a s i c  i dea  o f  measuring v o l t a g e  phase angle i s  t o  compare t h e  zero 
c ross ing  of t h e  v o l t a g e  f rom a  s u b s t a t i o n  bus w i t h  a r e fe rence  q u a n t i t y  
( ang le )  t h a t  i s  i n v a r i e n t  across t h e  geographica l  area o f  i n t e r e s t .  Recent 
a c t i v i t y  i n  vo l t age  phase angle measurement has been concent ra ted  i n  Utah (20)  
and Quebec ( 1 5 ) .  

As p o i n t e d  o u t  ve ry  w e l l  by D. T. Hansen and C. P. Dalpraz, t o  so l ve  l a r g e  
sca le  t r a n s i e n t  e l e c t r i c a l  network problems, engineers a r e  l o o k i n g  f o r  a more 

9 l o b a l  approach t o  system p r o t e c t i o n .  To adequately access system s t a b i l i t y  
o r  f i t n e s s ) ,  we need t o  ensure q u a n t i t i e s  ove r  a  m u l t i - s t a t e  area. A un i form 



t i m e  base, i n v a r i a n t  t o  about 20 o r  30 microseconds, i s  t h e  means by which t o  
measure v o l t a g e  phase angle.  System v o l t a g e  phase angles i s  a  good ea r l y -on  
i n d i c a t o r  o f  s t a b i l i t y  problems because i t  i s  t h e  d r i v i n g  f o r c e  behind AC 
power f lows. ( 20 )  Recent equipment developments have b rough t  t h i s  q u a n t i t y  
w i t h i n  f i n a n c i a l  reach. The GPS system o f  s a t e l l i t e s  i s  used i n  manufacturers  
r e a l i z a t i o n  w i t h  a  p r i c e  o f  about  $17,000. 

One microsecond. The main power system a p p l i c a t i o n  o f  a  l a r g e  geographic 
1 microsecond t i m e  base i s  i n  determing t h e  l o c a t i o n  o f  s h o r t  c i r c u i t s .  These 
s h o r t  c i r c u i t s  can be e i t h e r  temporary i n  nature,  such as a  l i g h t n i n g  s t r i k e  
caus ing an a r c  t o  ground, o r  permanent i n  na tu re ,  such as caused by a phase 
conduc to r  l a y i n g  on t h e  ground. I n  e i t h e r  case, t h e r e  i s  a  need t o  know t h e  
l o c a t i o n  of these problems. 

I f  a  u t i l i t y  determines t h a t  knowledge o f  t h e  l o c a t i o n  o f  power system f a u l t s  
i s  economica l l y  j u s t i f i a b l e ,  t h e r e  a r e  two ways o f  o b t a i n i n g  t h i s  i n f o r m a t i o n  
au tomat i ca l  l y .  One method uses impedance measurements w h i l e  t h e  o t h e r  uses a 
t i m e  domain techn ique  and a 1 microsecond t ime  base. 

The impedance method has r e c e n t l y  been developed by  seve ra l  au thors  and 
manufacturers .  (21,  22)  Th i s  method uses p r e - f a u l t  va lues of c u r r e n t  and 
v o l t a g e  a l ong  w i t h  measured f a u l t  c u r r e n t s  and vo l t ages  t o  o b t a i n  a  good 
es t ima te  o f  t h e  d i s t ance  t o  t h e  problem. T y p i c a l  r e s u l t s  ob ta i ned  i n  f i e l d  
t e s t s  and o p e r a t i n g  exper ience have an accuracy i n  t h e  1 t o  2 pe rcen t  of t h e  
t r ansm iss i on  1  i n e  l e n g t h .  Accuracy can be improved w i t h  v a r i o u s  techniques,  
t y p i c a l l y  r e q u i r i n g  a measur ing u n i t  a t  each end of t h e  t r ansm iss i on  l i n e .  
( 2 3 )  T y p i c a l  c o s t s  o f  each measur ing u n i t  a r e  about $8,000 p e r  u n i t .  

I n  t h e  western U n i t e d  S ta tes  and Canada, o u r  t r ansm iss i on  l i n e s  a r e  l o n g  (as  
d iscussed i n  t h e  s e c t i o n  on s t a b i l i t y ) .  Also,  t h e  t y p i c a l  d i s t a n c e  between 
t r ansm iss i on  l i n e  towers i s  about 300 meters ,  o r  about f i v e  s t r u c t u r e s  per  
m i l e .  Wi th  a  100-mi le  l o n g  l i n e  and a  f a u l t  l o c a t i n g  accuracy o f  1 percen t ,  
you r  es t ima te  o f  a  problem area can span f i v e  towers. I f  t h e  problem i s  
i n t e r m i t t e n t  and w i t h  modern h i g h  speed r e l a y s  removing any problem i n  two t o  
t h r e e  e l e c t r i c a l  c y c l e s  (32  t o  50 m i l l i s e c o n d s ) ,  n o t  much evidence of  a  f a u l t  
i s  l e f t  behind.  h his i s  good because equipment damage i s  l i m i t e d ,  b u t  "bad" 
because problem areas a r e  hard  t o  p h y s i c a l l y  l o c a t e . )  The p o i n t  i s  t h a t  o t h e r  
techniques must be used i f  one-tower accuracy i s  requ i red .  

The second techn ique  o f  f a u l t  l o c a t i o n  uses t h e  f a c t  t h a t  e l e c t r i c a l  
i n f o r m a t i o n  t r a v e l s  a t  about  300 meters p e r  microsecond. I f  you cou ld  t ime  
t h e  a r r i v a l  t i m e  o f  a f a u l t - i n d u c e d  e l e c t r i c a l  t r a n s i e n t  a t  each end o f  a  
t r ansm iss i on  l i n e  t o  an accuracy o f  1 microsecond, t h e  l o c a t i o n  t o  t h e  f a u l t  
can be obta ined.  (19, 24) 

O f  course, l i f e  i s  n o t  t h i s  s imple.  There a re  many o t h e r  ques t ions  such as 
t h e  speed o f  response o f  t h e  ins t ruments  t h a t  t rans fo rm t h e  h i gh -vo l t age  
e l e c t r i c a l  t r a n s i e n t s  t o  sa fe  work ing  l e v e l s ,  t h e  speed and s t a b i l i t y  of t h e  
e l e c t r o n i c  measuring package, e t c .  

H i s t o r i c a l l y ,  t h e  BPA has operated a t r u e  domain f a u l t  l o c a t i n g  system. (24 )  
One o f  t h e  problems w i t h  o p e r a t i n g  such a  system i s  t h e  necessary housekeeping 



t o  ma in ta i n  a 1 microsecond t ime  base. Recent ly,  BPA commissioned a Na t i ona l  l 

Bureau o f  Standards s tudy  on how t o  bes t  p rov ide  such a t ime  base. ( 2 5 )  I 

Wide-Area Relay ing and Cont ro l  

I n  t h e  western Un i t ed  S ta tes  and Canada, r e l a y  and c o n t r o l  engineers a r e  
beg inn ing  t o  l o o k  a t  a s tandard t ime  base as a key p i ece  of i n f o rma t i on .  I f  a 
reasonably  p r i ced ,  1 ow maintenance, dependable t ime  base can be e s t a b l  ished, 
mainta ined,  and b e l i e v e d  i n ,  then  t h e  a p p l i c a t i o n s  w i l l  grow. Few managers 
a r e  go ing  t o  use o r  base key t r i p p i n g  dec i s i ons  on a t i m i n g  system t h a t  may o r  
may n o t  be i n  s e r v i c e  o r  accurate.  

A very  a t t r a c t i v e  f e a t u r e  o f  an automat ic  t ime  base i s  t h a t  i t  can be a 
broadcast  se rv i ce .  Th i s  means t h a t  someone e l s e  can operate t h e  s e r v i c e  and 
ma in ta i n  i t s  accuracy t o  w i t h i n  s t a t e d  l i m i t s .  Most u t i l i t i e s  do n o t  want t o  
g e t  i n v o l v e d  i n  managing a t ime  s e r v i c e  when t h i s  i s  b e s t  done by o thers .  
Most u t i l i t i e s  s imply  want t o  s e t  a few swi tches and then  use t h e  serv ice .  
Th i s  means t h a t  measurements can be made s imu l taneaus ly ,  then  a l l  da ta  
communications problems o f  exchanging i n f o r m a t i o n  between equipment can be 
d e a l t  w i t h .  

SECTION EIGHT 
SUMMARY 

The i dea  of t i m e  synchron iz ing  v a r i o u s  c l ocks  w i t h i n  t h e  e l e c t r i c  power system 
has r e c e n t l y  been f u l l y  accepted. In western Canada and t h e  Un i t ed  States,  
t h e  r e g i o n a l  c o o r d i n a t i n g  o r g a n i z a t i o n  has recommended synch ron i za t i on  t o  
w i t h i n  8 m i l  1 iseconds. Th i s  1 i m i  t and a l i m i t  o f  1 mi1 1 isecond can be 
t e c h n i c a l l y  adhered t o  a t  reasonable cos t s  by  i n d i v i d u a l s  who a r e  n o t  PTTI 
exper ts .  Such commonality o f  t ime  base makes system ope ra t i ons  and 
pos t -d i  s turbance much more exact.  More i n f o r m a t i o n  on t h e  a c t u a l  performance 
o f  ou r  p r o t e c t i o n  and ope ra t i ons  systems can be analyzed and connected, i f  
needed. 

E l e c t r i c  power systems t y p i c a l l y  cover  l a r g e  geographic areas and a f f e c t  
a lmost  a l l  c i t i z e n s .  T r a d i t i o n a l l y ,  u t i l i t i e s  have been a b l e  t o  manage and 
c o n t r o l  l o c a l  problems. Through a common t ime  base and o t h e r  power system 
measurements, r e g i o n a l  group o f  u t i l i t i e s  can measure g l oba l  q u a n t i t i e s .  Wi th  

I 
t h i s  w ide r  p i c t u r e  o f  t h e  s t a t e  of t h e  e l e c t r i c  power system, i n  t h e  f u t u r e  we I 

can use computer technology t o  p rov ide  more r e l i a b l e ,  economical se rv ice .  
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BCD - B ina ry  coded decimal 

GOES - Geos ta t ionary  Opera t iona l  Environmental  Sate1 1 i t e s  

EHV - E x t r a  High Vol tage 

ms - m i l l i s e c o n d  

NBS - Na t i ona l  Bureau o f  Standards 

PTTI - P rec i se  Time and Time I n t e r v a l  

SER - Sequent ia l  Events Recorder 

TCG - Time code genera to r  

UNSO - Un i t ed  S ta tes  Naval  Observatory 

UTC - Coord inated Un i ve rsa l  Time 

us - microsecond 

WAPA - Western Area Power Admin i s t r a t i on ,  U. S. 

Western - Same as WAPA 

Department o f  Energy 



APPENDIX A 

ESTIMATING MICROWAVE RADIO PROPAGATION DELAYS 

I t  i s  p o s s i b l e  t o  es t ima te  p ropagat ion  de lays th rough a microwave m u l t i p l e x  
system. 

- F i r s t  you have t o  f i n d  t h e  (back-to-back) p ropagat ion  de lay  f o r  you r  
microwave mu1 t i p 1  ex system (ask t h e  microwave engineer) .  Typ i ca l  
va lues I have heard o f  are: 300 US f o r  o l d e r  systems (150 US f o r  
encoding, 150 US f o r  decoding).  I n  Montrose, t h e  new C o l l  i n s  MX-108 
MUX has 1450 US of delay.  

- 1 US f o r  a remodulat ing r a d i o  repea te r .  

- 5.28 US/microwave pa th  m i l e  ( s t a t u e )  of f r ee  space ( o r  a i r ) .  

- and .75 US11000 f e e t  of cable,  e i t h e r  coax o r  pa i red .  

I n  t h e  Western o f f i c e  a t  Montrose, Colorado, we took  a f o u r - w i r e  m u l t i p l e x  
c i r c u i t  from Montrose t o  Flaming Gorge, Utah. A t  Flaming Gorge, we " looped" 
t h e  c i r c u i t  back t o  Montrose. 

One way of measuring p ropagat ion  de lay  i s  by use of a  Hewlett-Packard ( o r  
e q u i v a l e n t )  "Transmiss ion Impairment Measurement Set (TIMS) . The 
m ic rop rocesso r - con t ro l l ed  ins t rument  can measure envelope de lay,  no ise  l e v e l s ,  
j i t t e r ,  dropouts,  e tc . ,  on a microwave system. The f u n c t i o n  I used was t h e  
envelope delay.  Envelope de lay i s  a d i f f e r e n t i a l  de lay  measurement and an 
a l t e r n a t e  way t o  cha rac te r i ze  t h e  frequency response of a  microwave channel. 

The (aud io )  f requency o f  t h e  TIMS was s e t  t o  1 kHz. Next, t h e  o u t p u t  of t h e  
TIMS was connected t o  i t s  i n p u t  and t h e  "Delay Zero" f unc t i on  was pushed. 
Next, t h e  o u t p u t  o f  t h e  TIMS was connected t o  one " s i de "  o f  t h e  loop-back t o  
Utah, t h e  i n p u t  t o  t h e  o the r .  Then t h e  de lay  was read  i n  microseconds. 

The c a l c u l a t e d  de lay  t o  Utah was (on  loop-back) 5390 US. The TIMS measured 
between 5385 US and 5390 US w i t h  a one unexpla ined va lue  a t  5364 US. The 
median was 5386 US. These observa t ions  were taken between August 1984 and 
March 1985. I f  you r  o r g a n i z a t i o n  does n o t  own a TIMS, t h e r e  a re  methods o f  
measuring de lay  us ing  two t ime  code generators .  

These observa t ions  a r e  l i m i t e d .  F i r s t ,  t h e  t e s t s  were run  on o n l y  one 'channel 
f o r  a  s h o r t  p e r i o d  o f  t ime. Second, t h i s  was a loop-back t e s t .  I n  a 
broadcast  mode, t h e  channel may behave d i f f e r e n t l y .  Th i r d ,  when a t ime  code 
i s  p laced  on t h e  same channel, t h e  t ime  code generators  may behave very  
d i f f e r e n t l y .  The r e s u l t s  do l e n d  credence t o  t h e  above g u i d e l i n e s  b u t  
p robab ly  n o t  t o  t h e  microsecond l e v e l .  Fo r  a 1 m i l  1  isecond t ime  se rv i ce ,  I 
have conf idence. 

The r e a l  and u l t i m a t e  t e s t  l i e s  i n  a c t u a l l y  measuring p ropagat ion  de lay by use 
o f  a  " f l y i n g  c l ock "  o r  h i g h l y  accura te  c l o c k  us ing  GPS, say. A t  Western, we 
have n o t  ye t  done t h i s  ( as  of  1986). 
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I $UESTIONS AND ANSWERS 

LL'I'E W T ,  JET PROPULSION LABORATORY: I j u s t  wanted t o  mention t o  you tha t  
t h e r e  was sunie work t h a t  (2eur.g~ Lutes  d i d  with o p t i c a l  fibel' sjTstenis f o r  pwer 
appl ica t ior i s  t ;TPL with a number of other  people i n  ano the r  group. A t  the  
tirrie t,hei x. it~lt-rest was t o  use o p t i c a l  f il-x?r systenis i n  p o w e r  d i s t r i b u t i o n .  I 
ktiurd t h a t  tlicy have r io t  bee11 used \-,iduly, h u t  i f  t h a t  eve r  happens it seems t o  
nit. t h a t  a possibili tdy fol. dissemi~ia t ior l  of t i m e  arid frequericy would be optical 
f i b e r  systems. 

MR. WILSON: Y e s ,  i f  you can do it over a f o u r  sl-ale reg ion .  You cvuld  have op- 
tical f ibws fr.unl ?Ion tr-ose, Colul.ado t o  F l a g s  Laff, Arizona t o  V e r n a l ,  Utah 
t-tc. I thitlk that. the  p~.irnary u s e  uf  fiber opt>ics \ d i l l  bc. wi th in  a subsLatioll ~ f o r  bringing a telt.pliorie c i r c u i t  i n  because of C l l e  ground mat r a i s e  > 7 0 ~  can get 
dur ing  a fzt~ll t  . I t  \ jould  be a way t,o e l e c t x i c a l l y  i s o l a t u  eq~n ipn ie~~ t .  Or, i f  
you are guiqg f r o n i  oric %ditch yard a m i l e  o1.w t o  another one, t he  non- 
metallic uo~iductor  rjotrld help.  I tliixih t l int  it is r:oming and I agree wi th  >-r~u. 

MR. LX4EKI : A t  ariy y a k ,  you requirerrrer~ts of rnill i-seconds and micro-securlds 
r5l.c: vt:rg easy to r e a l i z e  i t 1  a s y s t e m  l i k e  t l -~u t .  


